Abstract Gizzard weight, small intestine length, and caeca length were measured from specimens of sea ducks collected in coastal Newfoundland during the November to March winter seasons of 1982-88. The diets of Common Eiders (Somateria mollissima) (n=24), King Eiders (S. spectabilis) (n=25), Black Scoters (Melanitta nigra) (n=17), Oldsquaws (Clangula hyemalis) (n=20), and Harlequin Ducks (Histrionicus histrionicus) (n=27) were entirely animal matter but differed in diversity and shell component.
not explained by body size, were accounted for by these general differences in diet. The largest gizzards were found in scoters and Common Eiders that had the highest shell component in their diets.
The shortest digestive tracts were found in Black Scoters which had the most 'specialized' diet, although there was no significant difference between Black Scoters and Harlequin Ducks. Caeca length was similar between species, except they were exceptionally short in the Black Scoter. We were unable to speculate a functional relationship of the caeca, although it may be correlated to the diversity of the diet. These results confirm other findings that morphological differences in digestive organs in waterfowl reflect dietary differences.
Introduction
Morphology of the digestive tract may reflect the diets of birds (e. g. Drobney 1984 , Moss 1983 , Miller 1975 , Paulus 1982 , Thomas 1984 . Kehoe & Ankney (1985) studied morphology of digestive organs in 5 species of diving ducks (Aythya spp.), and dismissed the concerns of Miller (1975) who thought that the rapid change in gut morphology associated with changes in diet in waterfowl could complicate efforts to imply diets from 'gut' size. Kehoe & Ankney (1985) demonstrated the importance of adjusting the measurements of digestive organs to account for body size.
An analysis of co-variance (ANCOVA) is an appropriate method for adjusting for body size, and may be most appropriate because various organs may respond differently to varying diet components (C. D. Ankney, pers. comm.) . In this paper we compare the results of an ANCOVA to those of a Principal Component Analysis (PCA) to determine if the latter method enhances the interpretation of multiple variables and groups.
Materials and Methods
Data were recorded from specimens shot by the authors and local hunters during Before dissection we weighed specimens (±1g), and measured wing lengths from notch to distal tip (±1mm).
Measurements of digestive organs consisted of (i) gizzard weight, after contents were removed and it was towel dried (ii) small intestine length (from intersection of the caeca to the junction with the gizzard) and (iii) combined caeca length.
Most specimens had been feeding before collection. Esophageal-proventricular (gullet) contents were analyzed separately from gizzard contents, and each taxon was counted and weighed to the nearest 0.1 g using an electronic balance. Similar to other studies (e. g. Scott & Olson 1972) food items of sea ducks did not deteriorate in the saline environment of the gullet at low temperatures. We used proportion of total weight of gullet contents (only gizzards used for King Eiders) to quantify the contribution of each taxon to the diet because this measurement was demonstrated to explain a large proportion of the variance (information) in diet data (after Macdonald & Green 1984) .
To highlight interspecific differences in gut morphology and diets, we pooled all sexes and age classes. We used ANCOVA, with body weight as the co-variate or independent variable, to demonstrate interspecific differences in digestive organ morphology after adjusting for body weight. A PCA was performed on the same data to attempt to reduce the subjectivity of interpreting the results of multiple univariate analyses. All variables were loge transformed to better meet assumptions of normality and homoscedacity.
Diversity indices of diets were calculated following Shannon (1948).
An ANOVA of digestive organs indicated that most digestive organs differed significantly in size between species (Table 2 ). There were interspecific differences in digestive organ morphology that could not be accounted for by body size, such as the relatively short intestine length in Black Scoters (Table 3 ). In each ANCOVA there were no interspecific differences in the slopes of the regressions relating digestive organ morphology to body weight, and the slopes were significantly different from zero, with the 1/No significant differences between means with corresponding letters in the individual columns . exception in both cases for the relationship between caecae length and body mass. The results of the ANCOVA indicated that gizzard size was relatively heavier in the Common Eiders and Black Scoters (Table 3 ) and thes species displayed the highest shell component in their diets (Goudie & Ankney 1986) . Harlequin Ducks and Black Scoters had relatively short intestines (Table 3) .
Plots of principal component scores provided a display that could be interpreted in relation to the derived components (Table 4) . PC 1 explained 59.7% of the variance and was interpreted as a body size component, although positive allometry (gizzard) and negative allometry (intestine length) were indicated (see Anderson 1963 , Pimentel 1979 , Goudie & Ankney 1986 ). We noted however that the placement of Black Table 4 ) of sea duck specimens collected in coastal Newfoundland, winters 1982 Newfoundland, winters -1988 . Polygons represent dispersions of principal scores for species. Scoters on PC 1 was not entirely relative to body size suggesting some other information may have been encompassed in this component (Fig. 2) . PC 2 explained 38.9% of the variance, and was interpreted to primarily represent cecae length (Table 4) . This indicated the extremely small cecae length in Black Scoters relative to the other species but did not clearly demonstrate the relatively larger caeca in King Eiders (see Table 3 ).
Discussion
Differences in digestive organ morphology of sea ducks wintering in coastal Newfoundland that were not explained by differences in body mass can be explained by dietary differences. Kehoe & Ankney (1985) demonstrated that of 5 species of diving ducks (Aythya spp.) the heaviest gizzards were in the species (Aythya americana) with the highest fibre content in its diet. Our results indicated a tendency for the heaviest gizzards to occur in the species with the highest shell component in diets, i. e., Common Eiders and Black Scoters. The relatively light gizzard of the King Eider was somewhat of an anomaly considering the high shell component for the diet indicated by the gizzard contents (Fig. 1a) . However, we were concerned that those contents may have been biased (see Swanson & Bartonek 1970 ) because our limited sample of gullet contents of King Eiders indicated a higher shell free component (Fig. 1b) . Moss (1983) suggested that species could reduce metabolic costs by having the shortest possible digestive tracts for a given diet. He found that ptarmigan (Lagopus spp.) with diverse diets had the longest intestines, and suggested this enabled them to digest whatever foods were available at a given time. Kehoe & Ankney (1985) found the longest digestive tracts occurred in the scaups (Aythya manila, A. affins) which had relatively diverse diets of plant and animal matter. We found relatively short digestive tracts in Black Scoters which were 'specialists' on Blue Mussels so this pattern may hold for waterfowl displaying diets of only animal matter. We were unable to account for the relatively small intestine length indicated for Harlequin Ducks, but suspect that length of digestive tract could be affected by relative shell component in diet as well as diversity, i. e., a larger digestive tract may be required to process digestible foods from fragmented mollusk shells.
The function of the caeca in waterfowl is poorly understood (Drobney 1984 ) but some others correlate relatively large caeca to increased fiber content in the diet (e. g. Kehoe & Ankney 1985 , Keho et al. 1988 . We noted smaller adjusted lengths in caeca in sea ducks we studied relative to the 5 species of diving ducks studied by Kehoe & Ankney (1985) . The sea ducks we studied consumed little or no vegetable matter, and trace specimens were generally considered as incidental but we noted a significant presence of coralline algae and Ptilota serrata in King Eiders (9.6 %), and this species demonstrated the longest caeca. The extremely short caeca in Black Scoters are unlikely to be attributed to diets alone, and we suspect that interspecific differences exist for this organ within the sea duck tribe (Mergini, after Johnsgard 1960) because we were unable to establish a linear relationship between caeca lengths and body mass (see Table 3 ).
In conclusion, we found that there were interspecific differences in morphology of digestive organs of 5 species of sea ducks wintering in coastal Newfoundland. Similar to other studies (e. g. Kehoe & Ankney 1985) , we demonstrated that some of these differences were due to differences in total body size, and it was only valid to relate differences in morphology to diets after correcting for body weight differences. We attempted to reduce the subjectivity of interpreting multiple Analyses of Co-variance of digestive organ size by applying a Principal Component Analysis, and felt that the interpretation of the latter is more ambiguous. 
